ABSTRACT
were A and Q are respectively the electric vector potential and the scalar potential. If we restrict our attention lo the two dimensional case, all the space derivatives in the z-direction disappear, so we obtain 0-7803 -4 178-/3/97/$ IO. 00 0 1997 IEEE where it is clear that in the lossless case o is equal to zero. The 3-D case can be treated as well, but it is are omitted hzre for sake of simplicity.
SCATTERING PROBLEM
As a validation of the possibility of treating lossy dielectric materials, we present in this section results of simulation for the internal electric field of a uniform, circular dielectric cylindrical scatterer. The cylinder is assumed to be infinite in the z-direction. The incident radiation is assumed to be a TM wave with respect the axis of symmetry of the cylinder. Because there is no variation of either scatterer geometry or incident field in the z-direction, this problem may be txeated as the 2-dimensional scattering of the incident wave. The grid coordinates internal to the cylinder with radius 0.06111 are assigned the dielectric parameters. All the grid points outside this grid are assigned the parameters of free space. The program is time-stepped for a long enough time so that the plane wave is scattered from the cylinder and the scattered field reaches the observation region. DFT algorithm is used to extract the information of the field distribution of the frequency ol' 1.5 GHz. The exact solution, is calculated using the summed series technique as in Jones [3] . The computer solution locates the positions of all the peaks and nulls of the envelope of the electric field with error less then 0.3%. For the first example the cylindrical scatterer has the same parameters, except that it is lossy with a dielectric constant &d=2.0 and conductivity 0e=0.0356 S.
The result of this simulation is reported in Fig.1 . An analogous simulation was run with the same geometrical parameters and the same pulse shape, but for a magnetic cylinder (~~2 . 0 ) . The result is shown in Fig.1 , and the comparison is made with Finite Difference Time Domain (FDTD) [4, 5] calculations for the same case. In all the considered cases computation times and memory requirement where identical using FDTD and VP.
FREQUENCY DEPENDENT MATERIALS
In the case of an elecmc Debye material, we proceed from eq. (2). which holds in the one dimensional case. We can imagine the total polarization P, as the sum of two polarizations P, '"
and P?), so that the "effective" average polarization is P, = Pi') + In the
II -I
I ". + a / first expenment we consider the water-air interface; the complex permithvity of water can be approximated by a single order Debye relaxation We have used &s=810, E G~ 8, and ~=9.4*1@
sec [6] . In the second experiment we stud~ed the reflechon coefficient at the interface between i l~~ and a two pole electnc Debye matenal, for which we chose the following values: &~=100.0, &,=4.0, T~=IO-" sec, ~2=5.3*10-~' sec, g1=0.7, gza.3. The poles have been chosen in such a way that the two relaxation times are well separated The results for the reflechon coefficients are plotted in Fig. 2 . 
CONCLUSIONS
A new approach for the solution of scattering problems has been proposed. The scheme takes advantage of the simplicity of the leap-frog scheme between the electric field and the vector potential, but maintains the higher performances of TLM condensed node due the nature of the discretization. 
